The short stem and midrib (ssm) mutants of Arabidopsis thaliana show both semi-dwarf and wavy leaf phenotypes due to defects in the elongation of the stem internodes and leaves. Moreover, these abnormalities cannot be recovered by exogenous phytohormones. ssm was originally identified as a single recessive mutant of the ecotype Columbia (Col-0), but genetic crossing experiments have revealed that this mutant phenotype is restored by another gene that is functional in the ecotype Landsberg erecta (Ler) and not in Col-0. Map-based cloning of the gene that is defective in ssm mutants has uncovered a small deletion in the sixth intron of a gene encoding a syntaxin, VAM3/SYP22, which has been implicated in vesicle transport to the vacuole. This mutation appears to cause a peptide insertion in the deduced VAM3/SYP22 polypeptide sequence due to defective splicing of the shortened sixth intron. Significantly, when compared with the wild-type Ler genome, the wildtype Col-0 genome has a single base pair deletion causing a frameshift mutation in SYP23, a gene with the highest known homology to VAM3/SYP22. These findings suggest that VAM3/SYP22 and SYP23 have overlapping functions and that the vesicle transport mediated by these syntaxins is important for shoot morphogenesis.
Introduction
Intracellular membrane fusions in eukaryotic cells are mediated by soluble N-ethylmaleimide-sensitive-factor attachment protein receptors (SNAREs) that reside on the surface of transport vesicles (v-SNARE) and target membranes (t-SNARE, for review see Jahn et al. 2003 , Szule and Coorssen 2003 , Ungar and Hughson 2003 . The interaction of these v-SNARE and t-SNARE molecules is regulated by small GTPases, belonging to the Rab/Ypt family (Mayer 2001 , Mayer 2002 . Recent studies in higher plants have confirmed that the molecular machinery involved in vesicular transport in plant cells is substantially similar to that in yeast and animal cells, whilst there is growing evidence that the plant vesicular transport system plays important roles in a number of plant-specific phenomena (Nebenführ 2002 , Ueda and Nakano 2002 , Pratelli et al. 2004 .
Syntaxins are members of the t-SNARE superfamily and interact through their SNARE domains with other SNAREs to form structurally related complexes. The genome of Arabidopsis thaliana encodes 24 syntaxin genes that are classified into eight major groups designated SYP1-SYP8 (Sanderfoot et al. 2000) . Mutations in these syntaxin genes have been shown to cause defects in various plant functions, such as cytokinesis (KNOLLE/SYP111, Lukowitz et al. 1996 , Lauber et al. 1997 , the response to abiotic stress (OSM1/SYP61, Zhu et al. 2002) , gravitropism (VAM3/SYP22, Yano et al. 2003 ) and disease resistance (PEN1/SYP121, Collins et al. 2003 , Assaad et al. 2004 ). Furthermore, Sanderfoot et al. (2001) have reported that mutations containing T-DNA or transposon insertions in PEP12/SYP21 and SYP41 are lethal in the male gametophyte. Hence, these members of the syntaxin gene families appear to serve a unique and essential function.
The Arabidopsis SYP2 gene family contains three members, PEP12/SYP21, VAM3/SYP22 (Sato et al. 1997 , Yano et al. 2003 and SYP23 (formerly PLP, Zheng et al. 1999a ). PEP12/ SYP21 shares ∼60% amino acid identity with VAM3/SYP22 and SYP23, which share 80% homology (Sanderfoot et al. 2001) . PEP12/SYP21 resides on the pre-vacuolar compartment (PVC; Conceição et al. 1997 , Sanderfoot et al. 1999 and is capable of interacting with the v-SNARE VTI11 (formerly VTI1a), which is localized to the trans-Golgi network (TGN) and the PVC (Zheng et al. 1999b ). VAM3/SYP22 localizes to the vacuole (Sato et al. 1997 , Uemura et al. 2002 as well as to the PVC (Sanderfoot et al. 1999 ) and also interacts with VTI11 (Sanderfoot et al. 2001) . Both shoot gravitropism (sgr) 3 and sgr4/zigzag (zig), which are disrupted phenotypes represented by the respective mutants of VAM3/SYP22 and VTI11, show reduced gravitropic responses in inflorescence stems (Kato et al. 2002 , Yano et al. 2003 . Because gravity is sensed by the endodermal cells of the stem, which contain sedimentable amyloplasts (Fukaki et al. 1998 , Tasaka et al. 1999 ), a specific SNARE complex containing VAM3/SYP22 and VTI11 may therefore play an important role in vesicular transport to the vacuole in endodermal cells.
In this report, we describe a novel semi-dwarf mutant of Arabidopsis designated short stem and midrib (ssm), which shows reduced elongation of its inflorescence stems and leaves. Genetic analysis of the ssm mutant revealed that this phenotype is attributable to a 34 bp deletion in the sixth intron of the VAM3/SYP22 gene. We also found that, unlike the wild-type ecotype Columbia (Col-0), the wild-type ecotype Landsberg erecta (Ler) possesses an additional gene, SYP23, that can complement the ssm mutant phenotype. These results suggest that VAM3/SYP22 and SYP23 have redundant functions in Ler plants and that the vesicle trafficking mechanisms mediated by these syntaxins are important for shoot morphogenesis.
Results

Characterization of the ssm mutant
The ssm mutant was identified in a screen for defects in shoot elongation using a pool of T-DNA insertion lines of A. thaliana ecotype Col-0 generated in our laboratory (Matsuhara et al. 2000) . ssm seedlings are indistinguishable from wild-type seedlings under continuous light conditions (Fig. 1A ), but as they grow the mutant plants develop short rosette leaves with severely wavy leaf blades (Fig. 1B) . In addition, ssm plants begin flowering several days later than wild-type plants during the reproductive stages of growth. These mutants also display more rosette leaves (17.2 ± 1.6) than wild-type plants (12.5 ± 0.7) and show reduced growth of the inflorescence stems. Moreover, the height of the mature ssm plants measures approximately one-quarter of that of the wild type (Fig. 1C) . In contrast to these distinct phenotypes, however, the morphology of the flower organs and the fertility levels are unaffected in ssm plants. We also observed no differences in the growth rates of either the etiolated seedlings or roots of the wild-type and ssm plants when cultivated on MS agar plates for 2 weeks under complete darkness (data not shown).
Histological analyses revealed that the length of the epidermal cells in the inflorescence stems of ssm plants was shorter than wild type ( Fig. 2A, B) but that the ssm mutation has little or no effect on the lengths of the pith parenchyma cells (Fig. 2C, D) . Furthermore, the length of the parenchyma cells around the midribs of the rosette leaf petioles is clearly reduced in ssm mutants (Fig. 2E, F) , whereas the mesophyll cell size in the rosette leaf blades is unaffected (data not shown). The dwarf phenotype of mature ssm plants is therefore reminiscent of mutants requiring exogenous phytohormones such as gibberellic acid and brassinosteroid. Consequently, we tested the effects of these phytohormones on the growth of inflorescence stems of ssm mutants, but the mutant phenotype was not restored by exogenous treatment with 1 mM GA 3 and 10 nM epibrassinolide (data not shown).
Genetic analysis and complementation of the ssm mutant
A backcross of the ssm mutant with the wild-type ecotype Col-0 revealed that this is a single recessive mutation (Table 1) which is not linked with the kanamycin resistance gene nptII, a selection marker for T-DNA insertions. Thus, we used a mapbased positional approach to identify the defective gene that causes the ssm mutant phenotype by crossing the ssm mutant with the wild-type ecotype Ler. This experiment generated an F 2 population with a 15 : 1 wild-type to mutant phenotypic ratio ( Table 1 ), suggesting that the ssm phenotype is indeed restored by an additional gene that is functional in the wildtype Ler strain. To determine the map positions of both loci, this F 2 population was analyzed for linkage to cleaved-amplified polymorphic sequence (CAPS) markers (Konieczny and Ausubel 1993) . The ssm phenotype was subsequently found to be tightly linked to the CAPS markers g4539 on chromosome 4 and DFR on chromosome 5.
We further crossed ssm mutants with two morphological mutants with a Col-0 background, crm2 (Suzuki et al. 2002) and top1α , which are mapped near g4539 and DFR, respectively. The cross between ssm and crm2 resulted in a 9 : 3 : 3 : 1 segregation for wild-type, ssm, crm2 and ssm crm2 double mutant phenotypes in the F 2 population, respectively, whereas the cross between ssm and top1α produced no F 2 ssm top1a double mutant (Table 1 ). This result suggested that the gene responsible for the ssm mutant phenotype is mapped near to the TOP1α locus on chromosome 5 and that the additional functional gene harbored by the Ler genome is localized close to g4539 on chromosome 4. Using additional markers that have been developed from the available genomic sequences in these areas, we localized ssm to a 2,500 kb region between the bacterial artificial chromosome (BAC) clones MRA19 and MNB8. Additionally, we mapped the locus that can complement the ssm mutation in Ler to a 300 kb region covered by two overlapping BAC clones FCA8 and FCA9. These regions correspond to a pair of duplicated blocks designated 92a on chromosome 4 and 92b on chromosome 5 (Vision et al. 2000) . We then determined the sequences of all 38 genes on chromosome 5 of the ssm genome whose putative duplicates are localized within the 300 kb region on chromosome 4. We uncovered a 34 bp deletion within the sixth intron of a gene encoding a syntaxin, VAM3/SYP22 (Fig. 3) . Significantly, the gene containing the highest level of homology to VAM3/SYP22 is SYP23 which is present within this 300 kb region of chromosome 4. Consistent with this finding, the wild-type Col-0 genome was found to contain a single base deletion accompanied by a single base substitution in SYP23, when compared with the wild-type Ler genome (Fig. 3) . Both of these genomes have identical VAM3/SYP22 sequences. It is also noteworthy that the SYP23 polymorphism that exists between the Ler and Col-0 genomes is identical to the one reported by Zheng et al. (1999a) between the ecotypes RLD and Col-0.
To determine whether these mutations are responsible for the ssm phenotype, complementation tests were performed. We cloned a 2.83 kb genomic DNA fragment containing SYP23 from Ler and another 2.73 kb genomic DNA fragment containing VAM3/SYP22 from Col-0 by PCR. Each of these clones was then introduced into the ssm mutants in the Col-0 background. All transgenic plant lines subsequently generated using each construct were wild type in appearance (Fig. 4) , indicating that mutations in VAM3/SYP22 and SYP23 are indeed responsible for the ssm phenotype. This result also suggests that these genes have overlapping functions.
ssm affects the normal splicing of the sixth intron of VAM3/ SYP22 Here we tentatively refer to ssm as the vam3-ssm allele and, as shown in Fig. 5A , we were able to confirm the existence of a small deletion in this allele using genomic PCR. In contrast, reverse transcription (RT)-PCR experiments revealed the presence of longer transcripts from vam3-ssm when compared with the wild type (Fig. 5B) , and sequence determination of the vam3-ssm cDNA revealed that the sixth intron containing the 34 bp deletion is not excised from the mRNA. This unprocessed sequence is 57 bp in length and results in a putative insertion of 19 amino acids within the VAM3/SYP22 protein and no frameshift mutation. Western analyses of total proteins from young seedlings confirmed that the vam3-ssm allele produces higher molecular weight VAM3/SYP22 species than wild type (Fig. 5C) .
To examine whether the vam3-ssm allele affects the accumulation of endomembrane proteins, we further performed Western analyses using antibodies against a vacuolar lumenal protein, RD21 (Yamada et al. 2001 ), a vacuolar membrane protein, γ-TIP (Maeshima 1992) , and two endoplasmic reticulum (ER)-resident proteins, a lumenal binding protein (BiP) and a protein-disulfide isomerase (PDI). BiP and PDI have been suggested to be transported constitutively to the vacuoles for degradation (Tamura et al. 2004) . The levels of these proteins in vam3-ssm were almost the same as those in the wild type (Fig.  6) , suggesting that general functions of the vacuole may be unaffected in vam3-ssm.
A T-DNA insertion allele of VAM3/SYP22 shows a moderate phenotype
In addition to vam3-ssm, we obtained a T-DNA insertion allele of VAM3/SYP22 in the Col-0 background from the Salk Institute T-DNA mutant collection, which is herein referred to as vam3-t (Fig. 3) . Although the vam3-t allele has a T-DNA inserted in the fifth exon of VAM3/SYP22, RT-PCR and West- RT-PCR analysis of transcripts from wild-type VAM3/SYP22, vam3-ssm and vam3-t alleles. (C) Western blot analysis of protein products from wild-type VAM3/SYP22, heterozygous vam3-t, homozygous vam3-t, heterozygous vam3-ssm and homozygous vam3-ssm alleles using an anti-VAM3/SYP22 polyclonal antibody. Fig. 6 Comparison of the accumulation of several endomembrane proteins between the wild type and vam3-ssm. The homogenates from cauline leaves of wild-type and vam3-ssm plants were subjected to SDS-PAGE and Western blot analysis. Polyclonal antibodies used were anti-RD21, anti-γTIP, anti-BiP and anti-PDI.
ern blot experiments indicated that the VAM3/SYP22 protein with a small peptide deletion is produced in vam3-t (Fig. 5B,  C) . Sequence determination of the vam3-t cDNA revealed a 63 bp deletion in the SNARE sequence with no frameshifts. The predicted amino acid sequences of VAM3/SYP22, vam3-t, vam3-ssm, Ler SYP23 and Col-0 SYP23 alleles are aligned in Fig. 7 .
Examination of the growth of vam3-t mutant plants revealed reduced height of a less severe nature than the vam3-ssm mutants (Fig. 8A, B) . Furthermore, the leaf morphology and growth characteristics of vam3-t mutants are very similar to wild type (Fig. 8C) . As was the case with vam3-ssm, the cross between vam3-t and the wild-type Ler resulted in a 15 : 1 segregation for wild-type and vam3-t mutant phenotypes in the F 2 population (data not shown).
Discussion
In this study, we have demonstrated that the ssm mutant of Arabidopsis is caused by a defect in the syntaxin gene VAM3/ SYP22. Furthermore, in combination with genetic segregation data (Table 1) , our genomic complementation experiments revealed that the SYP23 gene, derived from the wild-type Ler genome, can restore the ssm phenotype. A previous study has described a polymorphism within SYP23 between the two ecotypes Col-0 and RLD: the RLD SYP23 gene encodes a typical syntaxin-like protein with a C-terminal transmembrane domain (TMD), whereas the Col-0 SYP23 gene generates a syntaxin homolog lacking this TMD due to a frameshift in the genomic sequence (Fig. 7, Zheng et al. 1999a) . We confirmed that the SYP23 gene sequence in the Ler genome is identical to that in the RLD. In addition, based upon the whole genome sequence information for Arabidopsis (Vision et al. 2000) , VAM3/SYP22 and SYP23 may prove to be a pair of genes generated by a large segmental genome duplication. These data suggest that the Ler-and RLD-derived SYP23 products have overlapping functions with VAM3/SYP22, but that Col-0-derived SYP23 has lost this function. However, we cannot exclude the possibility that Col-0-derived SYP23 retains a part of the original function of SYP23 or has a novel role in its truncated form. It is also worth noting that each of the temperature-sensitive mutants of yeast Pep12p that have been identified generates a mutant protein with a truncation immediately prior to the TMD, which is required for proper localization but not for vesicle fusion (Gerrard et al. 2000) . Furthermore, the Arabidopsis ortholog of yeast Pep12p is thought to be PEP12/SYP21 (Bassham et al. 1995) We found that a 34 bp deletion within the sixth intron of VAM3/SYP22 prevents proper splicing of its pre-mRNA in vam3-ssm mutants. This deletion shortens the wild-type intron from 91 to 57 bp which, although it contains both 5′ and 3′ splice signal motifs and a possible branch site, may be too short to be recognized by the splicing machinery of Arabidopsis. Lim and Burge (2001) previously generated a computational analysis of the sequence features involved in the recognition of short introns using the available transcript data from five eukaryotes including Arabidopsis. According to their data on short intron length distributions, the Arabidopsis genome has no intron shorter than 60 bp. In addition, they demonstrated the presence of a small subset of intron-biased pentamer sequences that contribute to the accuracy of splicing simulators. Significantly, the truncated sixth intron in vam3-ssm contains no such pentamer as the only such sequence is a TTTTT stretch within the deleted 34 bp sequence. This may also explain the disrupted splicing of the shortened intron.
Our results raise the question of the identity of the cellular mechanisms underlying the phenotype of the vam3-ssm mutant. Analysis of the vam3-ssm phenotype revealed a reduction in the length of both the epidermal cells of the inflorescence stem and the parenchyma cells in the leaf petiole, but no obvious alterations in the size of the pith cells of the stem (Fig.  2) . Thus, it is evident that the stunted growth phenotype of vam3-ssm mutants is attributable to both reduced cell elongation and dysregulated cell proliferation, and that the mutation has different effects in different cell types. The visible wavy leaf morphology might also be explained by the specific effects of this mutation on certain cell types which result in disruption of cooperative growth. The VAM3/SYP22 protein is localized to the regions of the tonoplasts where two vacuoles face each other and has been implicated in vacuolar assembly, which is a critical step during the process of plant cell expansion (Sato et al. 1997 , Uemura et al. 2002 . The shortened sixth intron is predicted to encode a 19 amino acid polypeptide without any frameshift between the SNARE motif and the TMD of VAM3/ SYP22 (Fig. 7) . Indeed, we confirmed an apparent increase in the molecular weight of VAM3/SYP22 gene products in vam3-ssm mutant plants (Fig. 5C ). Interestingly, it was shown previously that a small peptide insertion between the SNARE motif and the TMD in the neuronal SNARE proteins, syntaxin 1A and VAMP, only moderately affected the fusion efficiency (McNew et al. 1999) . If this is also the case with VAM3/ SYP22, the primary effect of the vam3-ssm mutation might be expected to be a reduction in the rate of the vacuolar assembly, followed by the delay in cell elongation.
It was surprising that the phenotype of the T-DNA insertion allele of VAM3/SYP22, vam3-t, is less severe than that of vam3-ssm (Fig. 8) . However, because our results suggested the presence of VAM3/SYP22 with a 21 amino acid deletion in the SNARE motif in vam3-t mutants, it is likely that the mutant protein in vam3-t retains some of the original VAM3/SYP22 function. In addition, it is also possible that the Col-0 SYP23 protein retains some function as discussed above and has complementary properties to the peptide deletion in the VAM3/ SYP22 SNARE domain in vam3-t but not to the peptide insertion in the VAM3/SYP22 juxtamembrane domain in vam3-ssm. Hence, it will now be important to isolate functionally null mutants of VAM3/SYP22 and SYP23, and cross the latter with vam3-ssm, vam3-t and vam3 null alleles.
Another allele of VAM3/SYP22 was previously identified as sgr3-1, which displays a delayed shoot gravitropic response (Fukaki et al. 1996) . sgr3-1 contains a single amino acid substitution adjacent to the SNARE motif (Yano et al. 2003) and the sgr phenotype is restored by endodermis-specific expression of VAM3/SYP22. In our preliminary experiments, both the vam3-ssm and vam3-t mutants also displayed delays in shoot gravitropic responses (data not shown), although this might be attributable in part to the delayed metamorphic response of the responsive cells in these mutants. Taken together, we conclude that the vesicle transport mediated by VAM3/SYP22 is critically important not only for shoot gravitropism but also for shoot morphogenesis. Consequently, both the vam3-ssm and vam3-t alleles should serve as starting tools for elucidating the association between intracellular vesicle transport and development in multicellular plants.
Materials and Methods
Plant material and growth conditions
The ssm mutant of the ecotype Col-0 was identified from the T-DNA insertion collection previously generated in our laboratory (Matsuhara et al. 2000) . Since the ssm phenotype was not linked to the T-DNA selection marker, ssm plants were backcrossed several times with the wild-type Col-0 to purify the ssm mutation before use. A T-DNA insertion allele of VAM3/SYP22 (Salk_073456) was obtained from the Arabidopsis Biological Resource Center stock center. All seeds were surface sterilized and stratified for 3 d at 4°C and plants were grown in a growth chamber with continuous fluorescent light at 22°C on either rock-wool bricks supplemented with vermiculite or 0.8% agar plates containing MS salts (Wako, Osaka, Japan) and 2% (w/v) sucrose.
Genetic analysis
For positional cloning of the gene causing the ssm phenotype, genomic DNA was isolated from ssm mutant plants with characteristic phenotypic morphologies in the F 2 population from a cross between ssm mutants with a Col-0 background and wild-type Ler plants. The polymorphic markers used were based on information from the TAIR web site. Once preliminary evidence of linkage of ssm to markers g4539 on chromosome 4 and DFR on chromosome 5 was found, segregation analysis using crm2-1 (Suzuki et al. 2002) and top1α-1 and fine mapping with additional markers were undertaken (see Results). Nucleotide sequences were determined using an ABI3100 genetic analyzer and Big Dye Terminator sequencing kit (Applied Biosystems, Foster City, CA, USA).
The PCR primers used for genotyping the T-DNA insertion allele of VAM3/SYP22 were VAM3F (5′-AGATT GCATT CAACG AGGCT-3′), VAM3R (5′-CCAGT CATTG ATGCC TTAAG-3′) and the T-DNA left border primer (5′-GGAAC CACCA TCAAA CAGGA-3′).
Plasmid construction and plant transformation
A 2.73 kb VAM3/SYP22 genomic fragment was amplified from wild-type Col-0 by PCR with the gene-specific primers 5′-ATCGA TTCGG TATTC GATTT GATTT-3′ and 5′-GGATC CAGTC ATTGA TGCCT TAAGA-3′. A 2.83 kb SYP23 genomic fragment was amplified from wild-type Ler by PCR with gene-specific primers 5′-ATCGA TAATC AACGC CATTT CTCGC-3′ and 5′-TAAGG ATCCT ACAGC TGCTT GTTAT-3′. These PCR products were then cloned into the pGEM-T Easy vector (Promega, Madison, WI, USA). After sequence verifications, the fragments were subcloned into the binary vector pBI101dGUS, which is derived from pBI101 (Clontech, Palo Alto, CA, USA) and lacks the uidA gene. These constructs were introduced into ssm mutant plants via Agrobacterium tumefaciens-mediated transformation using the floral dip method (Clough and Bent 1998) . Transformed plants were subsequently selected on MS medium containing 50 µg ml -1 kanamycin.
RNA extraction and RT-PCR
For total RNA preparations, 10-day-old seedlings were ground in liquid nitrogen and RNA extraction was performed in 0.5 M Tris-HCl pH 9.0, 0.1 M NaCl, 20 mM EDTA, 0.2 M sucrose, 0.1% (w/v) 2-mercaptoethanol, 1% (w/v) SDS and 50% (v/v) water-saturated phenol. After extraction with an equal volume of chloroform and subsequent ethanol precipitation, the resulting pellet was resuspended in distilled water. The RNA suspension was then precipitated in 2 M LiCl on ice, centrifuged and resuspended in 10 mM Tris-HCl pH 8.0, 1 mM EDTA. Samples of 1 µg of total RNA were reverse transcribed in a 20 µl reaction with an oligo(dT) primer using the RNA PCR kit according to the manufacturer's instructions (TAKARA SHUZO CO. LTD, Kyoto, Japan). The primers used for the RT-PCRs were VAM3F and VAM3R described above.
Western blot analysis
Total proteins were extracted from 0.1 g of 10-day-old seedlings by grinding in Eppendorf tubes with pestles followed by the addition of 0.2 ml of sample buffer (0.1 M Tris-HCl pH 9.0, 10% glycerol, 10% SDS, 0.002% bromophenol blue, 4% 2-mercaptoethanol). The samples were then boiled for 3 min and centrifuged for 5 min at 16,000×g. The supernatants were analyzed by SDS-PAGE on 12% polyacrylamide gels and either electroblotted on PVDF membranes (Bio-Rad, Hercules, CA, USA) or stained with Coomassie blue. Western analysis was carried out using polyclonal antibodies against VAM3/SYP22 (1 : 2,000) (Sato et al. 1997 , Uemura et al. 2002 , RD21 (1 : 2,000) (Yamada et al. 2001) , γ-TIP (1 : 1,000) (Maeshima 1992) , BiP (1 : 30,000) (Hatano et al. 1997 ) and PDI (1 : 10,000) (RoseBiotech, Palo Alto, CA, USA). Immunoreactive signals were detected with an enhanced chemiluminescence detection system (ECL, Amersham Biosciences, Piscataway, NJ, USA).
Microscopy
Samples for anatomical sections were fixed overnight in FAA containing 50% ethanol, 5% formaldehyde and 5% acetic acid. The samples were dehydrated through an ethanol series and embedded in Technovit 7100 resin (Kulzer, Wehrherim, Germany) according to the manufacturer's protocol. Sections (8 µm) were cut on a microtome (LR-85 Microm; Yamato-Koki, Osaka, Japan), stained with 0.1% toluidine blue solution for 15 s and examined under a light microscope.
